
 

Challenging a "Cushy" Life: Potential Roles of Thermogenesis 

and Adipose Tissue Adaptations in Delayed Aging of Ames and 

Snell Dwarf Mice 
 

Ricarda Nimphy 

 

(General medicine, 2. year;) 

 

First Author: Teresa G. Valencak 1,2,* 

 

Co-authors Tanja Spenlingwimmer 2, Ricarda Nimphy 2, Isabel Reinisch 3, Jessica M. 

Hoffman 4 and Andreas Prokesch 3,5  

 

Supervisor: prof.  Valencak, Teresa, Assoz.Prof in Mag a rer.nat. Dr in rer.nat. Priv.-Doz in.1 

Institute of Physiology, Pathophysiology and Biophysics, Veterinary medicine University, 

Vienna 

 

Introduction  

It is well accepted in the biology of aging that insulin-like growth factor 1 (IGF-1) and insulin 

signaling relate to longevity in an evolutionarily conserved manner [1,2]. Reduced IGF-1 and 

insulin signaling significantly extends longevity in all model systems in which it has been 

tested including yeast (Saccharomyces cerevisiae), worms (Caenorhabditis elegans), flies 

(Drosophila melanogaster), and mice (Mus musculus) (reviewed in [3]). Downregulation of 

growth hormone (GH), acting upstream of IGF-I, extends lifespan in mammalian models 

(review in [4]). While GH is secreted from the pituitary, IGF-1 as well as its auxiliary 

hormones, proteins, and receptors are synthesized in the liver and together these components 

form the pituitary-somatotropic axis [1,4–6].  

To this end, many mutations that affect the somatotropic axis have been extensively explored 

in mice to understand the functional relationships between GH, IGF-I, and lifespan (reviewed 

in [1,4,7]). Among the described long-lived GH mutants, the Ames dwarf (AD) and Snell 

dwarf (SD) mice have received the most attention because they were natural mutations that 

were discovered early on with delineation of the causative loss of function mutation and the 

direct effects on health span and lifespan ([8]; summarized in [9,10]). AD and SD mice are 

born normal size but then show retarded growth from 10 days of age which is clearly 

recognizable even well before weaning. Additionally, AD and SD mice show stunted growth.  

In humans, there is no consistent evidence for longevity extension in individuals with 

mutations related to GH signaling [4]. Rather, studies in humans with various hereditary 

dwarfing syndromes (including the mutations causal for AD and SD phenotypes) produced 

conflicting findings with examples of reduced, unaltered, or possibly extended longevity, 

summarized in [4]. Notably in humans, mutations affecting the phenotype are also seen in 

compound heterozygous individuals, not only in homozygous individuals as in AD [4]. 

In this study, we aimed to investigate the potential roles of thermogenesis and adipose tissue 

adaptations in delayed aging of Ames and Snell dwarf mice. 



Following hypotheses were made: 

1. Homozygous Snell harvest mice have a lower body temperature than their 

heterozygous siblings. 

2. Brown adipose tissue is more functional in homozygous Snell harvest mice than in the 

heterozygous siblings. 

3. Different histological composition of the brown adipose tissue can be observed 

between the two groups of mice. 

Methods 

 

Tissue sampling, preparation and analysis 

A temperature-sensitive transponder the size of a grain of rice (IPTT-300, BMDS, Seaford, 

USA) was implanted in homozygous and heterozygous Snell harvest mice by means of 

subcutaneous injection in order to record the subcutaneous body temperature of the 

individuals daily during the week and to identify animals. For implantation, the mice were 

briefly removed from the cage, restrained between the shoulders, and the transponder was 

carefully implanted with a cannula into the subcutaneous tissue overlying the animal's lumbar 

vertebrae. The transponder was located dorsally but not in the interscapular area in order not 

to affect the results due to local heat production in the BAT. Body temperature measurements 

were taken every weekday between 8:00 a.m. and 11:00 a.m. at the same time of day for a 

period of about 4–10 weeks. After the ten weeks, the animals were sacrificed by cervical 

dislocation and extensive tissue removal of all internal organs, skeletal muscle, WAT, BAT, 

and subcutaneous fat was performed.  

 

Histology: 

For this work, fixation, sectioning and staining with hematoxylin and eosin (H&E) of the 

BAT tissues was performed at the Institute of Pathology at the University of Veterinary 

Medicine in Vienna 

 

RNA isolation, RT-PCR and gene expression analysis 

Cellular RNA was isolated using the PeqGOLD total RNA isolation kit (Peqlab, Erlangen, 

Germany) and quantified (Prokesch et al., 2016b) using Nanodrop (Peqlab, Erlangen, 

Germany). RNA was extracted from tissue using TRIzol reagent (Thermo Fisher Scientific, 

Waltham, MA, USA) according to manufacturer's protocols (Prokesch et al., 2016a). 

Likewise, for reverse transcription, the cDNA was prepared using cDNA synthesis kit H Plus 

(Peqlab, Erlangen, Germany) and diluted to 1 ng/µl (Prokesch et al., 2016b). mRNA 

expression was assessed by RT-PCR using the StepOne Plus Detector system and SYBR 

Green PCR master mix (Thermo Fisher Scientific, Waltham, MA, USA). For mouse 

experiments, 36b4 (Rplp0) was used as a reference gene (Prokesch et al., 2016b).  

 

Western Blot 

Furthermore to determine the functionality of brown adipose tissue western blot and capillary 

western Blotting has been performed. 

 

Statistical analysis 

All statistical analysis and chart preparation was performed using SPSS Statistics 25 software 

(SPSS Inc. Chicago, IL, USA). Unless otherwise stated, results are presented as the mean ± 

SD of at least three biological replicates. Statistical significance was defined as *p<0.05: 



**p<0.01, ***p<0.001, ****p<0.001. The relative gene expression is given as a "fold 

change" (Wodicka et al., 1997).  

 

Results 

Adipose Tissue—Communalities, Differences, and Function  

Along with alterations in their metabolism, genetically dwarf mice were found to have 

functionally altered adipose tissues (reviewed in [6]). Generally, three types of adipose tissue 

are found in mammals: white, brown, and beige. White adipose tissue (WAT) is considered 

the body’s energy storage for times of energy scarcity while brown adipose tissue (BAT) is a 

unique, major energy consuming, heat producing organ. This highly thermogenic BAT, found 

commonly in small sized mammals and juveniles of larger-bodied mammals including 

humans, is very important for physiology in general [42,43] and metabolic homeostasis in 

particular [44]. It not only maintains endothermy but also is crucial for many physiological 

processes relating to decreased metabolic rate i.e., hypometabolism, daily torpor, and the 

longest and deepest torpor lasting up to several months (i.e., hibernation; reviewed in [45]). 

Lastly, beige or brite adipose is originally derived from WAT precursors but has properties 

more similar to BAT [46,47].  

Expandability of Subcutaneous WAT in AD Mice: Is There a Beneficial Role for Overall  

Energy Metabolism?  

 

Interestingly, there seem to be peculiarities in WAT localization in homozygous long-lived 

AD  

mice compared to normal sized, heterozygous controls. The potential differences in WAT 

depots compared to other laboratory mice became most visible when AD were exposed to a 

high fat diet  

containing 60% fat [57]. Diet-induced obesity in AD seemingly did not lead to expected 

metabolic derangements which clearly developed in littermate controls, despite significant 

increases in the amount of their subcutaneous and visceral depots [57]. Instead, “obese” AD 

mice remained insulin sensitive and showed normal levels of adiponectin [57]. The adipokine 

adiponectin, acts as an important anti-inflammatory factor and usually correlates positively 

with the retention of insulin  

sensitivity [58]. By manipulating the fatty acid composition in the diet, we observed that AD 

mice readily increased body mass by 23% (compared to 16.7% in the controls) [11]. While 

the origin of fat was either saturated, n-3 or n-6 fatty acids, we observed no differences in 

body weight gain relating to fatty acid origin [11]. Otherwise, AD showed no signs of adverse 

health effects after 6 weeks on isocaloric high fat diets differing only to fatty acid origin [11]. 

Interestingly, we measured a significant increase in subcutaneous body temperature in AD 

mice (0.45 ◦C) following the exposure of fatty acid-enriched diets (saturated, n-3 and n-6 

enriched) which was not present in controls [11]. More specifically we observed that the AD 

mice on the fatty acid-enriched diets had increased subcutaneous fat mass as compared to 

controls (similar to what was observed in [11]). This surplus subcutaneous WAT clearly 

improved body insulation as mice became more active in their behavior [11]. As discussed 

above, genetically dwarf mice such as AD and SD are challenged in their thermoregulation 

due to their lower body temperature and their disadvantageous surface area to volume ratio. 

Hence, an increase in volume of the subcutaneous WAT layer may be particularly 

advantageous for their overall energy budget. Being able to save on thermoregulatory energy 



costs, genetically dwarf mice may be able to allocate energy into other avenues such as a 

decreased time spent in torpor or increased foraging and general activity.  

We thus hypothesize here that GH-deficient, genetically dwarf mice, such as AD and 

SD, have a metabolic advantage when kept on high-fat diets through the storing of 

triglycerides (TGs) preferentially in subcutaneous depots as opposed to evoking depots 

around the visceral organs like many common laboratory mouse models. This is important as 

visceral WAT is primarily associated with metabolic complications such as insulin resistance, 

increased inflammation and even cancer, which have detrimental effects on tissue health and 

metabolism [61,62].  

Non-Shivering Thermogenesis in GH-Deficient AD and SD Mice  

Undoubtedly, the capability of both AD and SD mice to conserve euthermia via non-shivering 

thermogenesis (i.e., the capacity of an endothermic mammal to uncouple respiration from 

ATP production in BAT mitochondria and thereby producing heat) is key to their survival. In 

particular, the vulnerability for thermoregulation in AD and SD mice may arise from their 

larger body surface to body mass ratio, suggesting that they are subjected to a higher thermal 

loss through their skin [1]. Indeed, increased weight of BAT was observed in AD mice 

although it showed reduced cell size and size of lipid droplets. Not surprisingly, the key 

enzyme triggering uncoupled respiration and consequent heat production in BAT 

mitochondria, uncoupled protein 1 (Ucp1), was found to be largely upregulated in AD mice 

[66,67]. Similarly, the gene expression of two transcriptional regulators in the iBAT, PPARγ, 

and PPARγ coactivator 1α (PGC1α), were significantly increased in the AD mice [66]. 

Altogether, contrary to their lower body temperature, AD mice show increased thermogenic 

marker expression in iBAT and a direct mechanistical link with their endocrine disruptions 

has not yet been investigated. As can be seen from Figure 4, iBAT was visually recognizable 

and confirmed by the classical histological appearance of small multi-locular adipocytes. 

Notably, Figure 4 represents a first, pilot comparison of WAT and BAT from homozygous 

SD and controls while future research will have to quantify the thermogenic capacity of SD 

by norepinephrine induction.  

 



When comparing UCP1 protein levels between iBAT from SD mice and C57BI/6J mice 

(Figure 5) to assess functionality of iBAT in SD mice, we detected similar levels upon 

normalization to loading control (Figure 5, right panel). Furthermore, we could not detect any 

significant differences in Ucp1 expression between SD and heterozygous controls (Figure 5). 

Therefore, we can confirm the histological picture (Figure 4) that SD mice possess iBAT but 

Ucp1 protein is not a faithful determinant of thermogenic activity of iBAT [69]. Equally, the 

impact of the genetic background (C57BI/6) on BAT histology requires testing before robust 

comparisons with AD from a heterogenous outbred background can be done. Hence, further 

studies should be undertaken to clarify why (i) SD mice survive better in warm ambient 

temperatures, (ii) SD mice use torpor to reduce and manage their energy expenditure, and (iii) 

the Pit1 mutation does not equally affect non-shivering thermogenesis on SD mice, as the 

Prop1 mutation does in AD mice. 

 

Discussion 

Here, we reviewed the existing literature on AD and SD mice by focusing on the understudied 

role of subcutaneous WAT. Subcutaneous WAT effectively conserves body heat in these 

small animal models in which maximal heat dissipation and loss through their body surface 

with co-existent lower body temperature exists. We also elaborated on specific husbandry 

requirements in genetically dwarf mice and initiated first evaluations of BAT function in SD 

mice. Overall, we suggest that future experimental studies in SD mice should involve diets 

enriched in n-3 or n-6 PUFAs with a special focus on remodeling of, and altered functions in, 

subcutaneous WAT and iBAT. Thus, it is conceivable that the SD model strives to increase its 

food and energy intake on the enriched diets to establish an insulating subcutaneous WAT 

layer, enabling them to reduce the total time spent in energy-saving torpor and rather stay 

euthermic, active, and foraging. We consider the relationships between the somatotropic axis, 

adipose tissue function, and body temperature as eminently important to better understand the 

“vigor of survival” in the long-lived AD and SD mice [35].  
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